Town, Shimane Prefecture, Japan. We collected blood, spleens, skins and ticks from the wild boars, which were examined for rickettsial infections using polymerase chain reaction (PCR) primers for the genes rickettsial 17-kDa antigen and citrate synthase (gltA). We amplified Rickettsia tamurae AT-1 DNA from the tick Amblyomma testudinarium and from wild boar skins where ticks attached. Antibodies against spotted fever group Rickettsia were detected in wild boar sera using immunofluorescence, whereas blood and spleen samples contained no rickettsial DNA. This study suggests that wild boars have a role as an amplifier and a transporter of A. testudinarium, which harbor R. tamurae. The Rickettsia is an obligate intracellular gram-negative bacterium, which infects various animals and humans. Rickettsiae are transmitted by hematophagous arthropods such as fleas, lice, or ticks [19] , and rickettsiosis is known to be a vector-borne infectious disease for human. In Japan, the spotted fever group (SFG) rickettsiosis is the most prevalent vector-borne infection [1] . Although some of SFG Rickettsia spp. are known in Japan, R. japonica, R. heilongjiangensis and R. tamurae had been isolated or detected from Japanese SFG rickettsiosis patients [1, 12] .
The Rickettsia is an obligate intracellular gram-negative bacterium, which infects various animals and humans. Rickettsiae are transmitted by hematophagous arthropods such as fleas, lice, or ticks [19] , and rickettsiosis is known to be a vector-borne infectious disease for human. In Japan, the spotted fever group (SFG) rickettsiosis is the most prevalent vector-borne infection [1] . Although some of SFG Rickettsia spp. are known in Japan, R. japonica, R. heilongjiangensis and R. tamurae had been isolated or detected from Japanese SFG rickettsiosis patients [1, 12] .
The range of ungulates such as wild boars (Sus scrofa leucomystax) and sika deer (Cervus nippon) has recently been expanding rapidly in Japan [18] . These ungulates cause many problems such as crop damage, vegetation disturbance, and road accidents. Also, these ungulates may pose a hazard to public health. The risks of zoonotic diseases are of increasing concern, because of the overabundance of ungulates and frequent contacts between humans and wildlife [5, 8] . These ungulates are important hosts of hematophagous arthropods such as Ixodid ticks [5, 13] . Hematophagous arthropods can invade human habitations via host ungulates with the potential for increasing the risk of vector-borne infections in humans.
R. japonica-causing SFG rickettsiosis (Japanese spotted fever) has been recorded in Shimane Prefecture (Fig. 1), and it was suggested that the high prevalence of R. japonica among vector ticks was correlated with the distribution pattern and population density of sika deer [20] . In Shimane Prefecture, SFG rickettsioses are limited to Shimane Peninsula. However, R. tamurae-causing SFG rickettsiosis was first reported from the sides of the Chugoku Mountains [12] . Only a few witnesses have reported the presence of sika deer in this area, whereas wild boars have caused serious damage to agricultural crops, so hunting and aggressive population control have been introduced to reduce their numbers. Studies on tick species and their associations with rickettsiosis have been conducted with sika deer, but little relevant information is available for wild boars in Japan. The purpose of this study was to clarify the role of wild boars in human rickettsiosis on the sides of the Chugoku Mountains, Shimane Prefecture.
MATERIALS AND METHODS
Sample collection: From December 2009 to January 2010 (winter study period) and from July 2010 to August 2010 (summer study period), ticks were collected from 89 (Male 52, female 37) wild boars (Table 1) trapped in Misato Town, Shimane Prefecture. In summer study period, wild boars were mainly trapped by box trap, while these were mainly trapped by snare trap in winter study period. The age of the wild boars (excluding 11 samples that lacked mandibles) was determined based on the criteria of tooth eruption and replacement [10] . Two age classes were specified: piglets aged under 12 months and yearlings and adults aged over 12 months [6] . A total of 299 ticks were collected from the *CorrespondenCe to: Asano, M., Faculty of Applied Biological Sciences, Gifu University, 1-1 Yanagido, Gifu 501-1193, Japan. e-mail: asanojr@gifu-u.ac.jp ©2013 The Japanese Society of Veterinary Science skins of 24 wild boars during the winter study period (winter ticks), while 151 ticks were collected from 65 wild boars during the summer study period (summer ticks). Summer ticks were collected by cutting the wild boar skin where the ticks were attached, and the ticks and skins were placed in separate microtubes when the ticks released the skin. All tick samples were morphologically identified, and were preserved individually in 70% ethanol at room temperature. The skins were kept at −20°C, until their DNA was extracted. Blood samples were collected in plain tubes for serum and EDTA tubes for DNA extraction. The sera were separated from the blood clots in the plain tubes and kept at −20°C until further analysis was used for serological examination by the indirect fluorescent antibody (IFA) method. Spleen samples were also collected for DNA extraction. Because of the differences in the wild boar capturing procedures, the blood and spleen samples were only collected during the summer study period.
DNA extraction, Nested-PCR and Sequencing: DNeasy Blood & Tissue Kits (QIAGEN GmbH, Hilden, Germany) were used to extract DNA from the EDTA blood, spleen, and skin samples. Ticks were air-dried and cut into pieces using a sterile scalpel, and DNA was extracted using DNeasy Blood & Tissue Kit. DNA samples were stored at −20°C in 100 µl of TE buffer until further use. Nested polymerase chain reaction (PCR) was performed using oligonucleotide primer pairs for the rickettsial 17-kDa antigen gene. A genus-specific primer set, R1 (5′-TCAATTCACAACTTGCCATT-3′) and R2 (5′-TTTACAAAATTCTAAAAACC-3′), was used in the first PCR analysis [15] . The PCR was carried out in a 50 µl reaction mixture containing 5 µl of each DNA template under the following conditions: one cycle of preheating (95°C, 2 min), 35 cycles of denaturation (94°C, 45 sec), annealing (52°C, 30 sec), and extension (72°C, 45 sec), followed by one cycle of delay (72°C, 7 min). We used 5 µl of the first PCR product as a template for the second PCR analysis, with an inner primer set, Rr17.61p (5′-GCTCTTGCAACTTC-TATGTT-3′) and Rr17.492n (5′-CATTGTTCGTCAG-GTTGGCG-3′) [22] . Cycling conditions for the second PCR were the same as those used for the first PCR. These PCR products were electrophoresed at 100 V using 2% agarose gel (Wako Pure Chemicals Industries, Ltd., Osaka, Japan) for 50 min and verified by ultraviolet illumination after being stained with ethidium bromide. Positive DNA samples were also provided for another nested PCR examination using oligonucleotide primer pairs for rickettsial citrate synthase gene (gltA). Another genus-specific primer set, CS2d (5′-ATGACCAATGAAAATAATAAT-3′) and CSEndr (5′-CTTATACTCTCTATGTACA-3′), was used in the first PCR analysis [17] . The PCR was carried out in a 50 µl reaction mixture containing 2 µl of each DNA template under the following conditions: one cycle of preheating (94°C, 30 sec), 30 cycles of denaturation (94°C, 30 sec), annealing (52°C, 30 sec) and extension (72°C, 2 min), followed by one cycle of delay (72°C, 5 min). We used 2 µl of the first PCR product as a template for the second PCR analysis using an inner primer set, RpCS.877p (5′-GGGGGCCTGCTCACGGCGG-3′) and RpCS.1258n (5′-ATTGCAAAAAGTACAGTGAACA-3′) [17] . Cycling conditions for the second PCR were the same as those used for the first PCR. After electrophoresis, positive PCR products were purified using a QIA PCR purification kit (QIAGEN). The purified PCR products were sequenced directly using an ABI Prism 3100 DNA sequencer.
IFA: Sera from wild boars were applied for IFA using the R. japonica (strain Aoki) antigen. Detection of antirickettsial antibodies was carried out as described previously [21] . The sera were screened at a 1:20 dilution in phosphatebuffered saline (PBS buffer) solution. Fluorescein isothiocyanate (FITC)-labeled rabbit anti-swine immunoglobulin G antibodies (Rockland Inc., Gilbertsville, PA, U.S.A.) were used as the second antibodies in the IFA. As in the previous survey, 1:40 or above titers of antibodies were considered positive in this study [11] . The end point titers of antibodies against R. japonica were determined by the screening dilution.
RESULTS
Winter ticks (299 individuals) were classified into 2 genera and 2 species ( Table 2 ). The prevalence of Rickettsia for Amblyomma testudinarium and Haemaphysalis flava was 29.6% (8/27) and 3.7% (10/272), respectively ( Table 2 ). The nucleotide sequences were compared with sequences in the DNA Data Bank of Japan using the BLAST program (http:// blast.ddbj.nig.ac.jp/blast/blastn). All nucleotide sequences from A. testudinarium were identified as R. tamurae AT-1 (Accession number of 17-kDa: AB114825, gltA: AF394896). All nucleotide sequences from H. flava were most closely related (17-kDa: 99.7% similarity, gltA: 100%) to Rickettsia sp. Hj126 (Accession number of 17-kDa: AB114810, gltA: AB114811).
The species of ticks and the results of the rickettsial DNA amplification from summer ticks and skin samples are shown in Table 3 . Summer ticks (151 individuals) were classified into 2 genera and 3 species (Table 3 ). H. flava and A. testudinarium were collected from wild boars in both study periods. H. longicornis was only collected during the summer study period. The prevalence of rickettsial DNA for A. testudinarium, H. flava, and H. longicornis was 21% (17/81), 4.7% (2/43) and 7.4% (2/27), respectively. As like as the winter ticks, all nucleotide sequences from A. testudinarium were identified to R. tamurae AT-1 (Accession number of 17-kDa: AB114825, gltA: AF394896). Similarly, all nucleotide sequences from H. flava were closely related (17-kDa: 99.7% similarity, gltA: 100%) to Rickettsia sp. Hj126 (Accession number of 17-kDa: AB114810, gltA: AB114811). All nucleotide sequences from H. longicornis were identified as Rickettsia sp. LON-13 (Accession number of 17-kDa: AB516961, gltA: AB516964). The prevalence of skin samples to which A. testudinarium attached was 12.3% (10/81). Of the 10 nucleotide sequences from skin samples with A. testudinarium attached, 9 were identified as R. tamurae AT-1 (Accession number of 17-kDa: AB114825, gltA: AF394896), while 1 was identified as Rickettsia felis(Accession number AF195118) only using oligonucleotide primer pairs for 17-kDa. Of the ticks which were collected from these 9 skin samples that amplified R. tamurae AT-1 DNA, 7 tick samples that attached to the skin were also positive in a similar manner as R. tamurae AT-1 DNA. All skin samples with H. flava and H. longicornis attached to them yielded no specific PCR-amplified products.
All blood and spleen samples yielded no specific PCRamplified products.
Of the 59 sera tested, 13 sera (22%) were positive to anti-R. japonica antibodies. The results are summarized in Table 4 . The end point titers of antibodies in the sera ranged from 1:40 to 1:80. The profiles for the association between age and the antibody prevalence rate as detected by IFA are shown in Table 4 . In a comparison of piglets with yearlings and adults, the prevalence rate was significantly higher in yearlings and adults (Fisher's exact test, P<0.01). 
DISCUSSION
A total of 450 ticks found on wild boar skins were classified into 2 genera and 3 species. H. flava was the most abundant (70%), followed by A. testudinarium (24%) and H. longicornis (6%). A previous study reported that these tick species were collected by flagging in Shimane Prefecture [24] , although A. testudinarium was scarce. During their adult and nymph stages, A. testudinarium often bites large mammals such as wild boars [23] . These results suggest that wild boars were one of the important hosts of A. testudinarium in the study region.
This study showed that A. testudinarium harbored R. tamurae AT-1 on wild boar skin throughout summer (21%) and winter (29.6%). R. tamurae AT-1 was confirmed as a new species in 2006, and was expected specifically infectious to A. testudinarium [7] . The pathogenicity of R. tamurae AT-1 in humans and animals is poorly understood, although the first case of human infection was reported in 2011 [12] , and A. testudinarium ticks bite humans [25] . This indicates that R. tamurae-causing SFG rickettsiosis is transmitted by A. testudinarium on the sides of the Chugoku Mountains in Shimane prefecture.
In this study, it was found that rickettsial DNA was not detected from any of blood and spleen samples, whereas 10 of the 81 skin samples were positive. The A. testudinarium collected from positive skin samples had a high proportion of R. tamurae AT-1 DNA fragments (77.8%). These results indicate that R. tamurae AT-1 was injected to the skin of wild boars via tick bites. However, this study did not provide any evidence for the growth of Rickettsia in the bodies of wild boars. These results suggest that wild boars have a low potential as carriers of SFG Rickettsiae. However, they are important hosts to A. testudinarium ticks that harbor R. tamurae, so they have a role as amplifiers and transporters of A. testudinarium. Thus, it is possible that R. tamuraeinfections might increase if wild boar populations and habitats expand. There are few reported sightings of sika deer in this study region, so the host specificity of A. testudinarium remains a subject for a future study. So far, A. testudinarium has not been collected from sika deer in Shimane Prefecture [24] . A further research to compare the tick fauna of sika deer and wild boars in the same area and during the same period would clarify the intensity of host specificity for A. testudinarium.
R. felis DNA fragments were detected from one wild boar skin sample. The tick attached to the skin that harbored R. felis yielded no specific PCR-amplified products. R. felis is an emergent pathogen that belongs to the transitional group of Rickettsiae, and its infections have been reported worldwide in fleas, mammals, and humans [4] . Cat fleas are the most common vectors, but R. felis has been found throughout the world in several types of ectoparasites including H. flava [4, 14, 16] . All ticks and blood and spleen samples collected in this study contained no R. felis DNA. This may suggest that R. felis was introduced onto the wild boar skin by bites from another type of ectoparasites. In this study, we collected few lice attached on these boar skins, however, PCR examination was not performed. A further investigation is essential to determine the vector involved in R. felis transmission.
IFA showed that wild boars had antibodies against R. japonica, but no samples contained R. japonica DNA. It should be noted that there are serological cross-reactions between R. tamurae and R. japonica [12] , so this result suggested that inapparent infection of R. tamurae may raise antibodies against R. japonica. Rickettsia sp. Hj126 and Rickettsia sp. LON-13 DNA were not detected from any wild boar samples, so it can be considered that there is no effect of both rickettsiae. The antibody prevalence differed between the 2 age classes of wild boars collected in this study. The age structures of wild boar samples vary greatly depending on the sampling season, capture method, and other conditions [2] . There were differences in the age structure of the wild boars collected during the winter and summer study periods (Table 1) . These results indicate that, when comparing the antibody prevalence both temporally and territorially, we should consider the sample age structure bias which caused by sampling season and capture methods.
This study suggests that wild boars have a role as amplifiers and transporters of A. testudinarium that harbored R. tamurae. The artificial control of large-sized hosts may lead to a reduction in the abundance of tick vectors [24] . The installation of fences may prevent the movement of large animals and decrease tick numbers [9] . The reduction in deer densities has also significantly reduced the risk of humans contracting Lyme disease [3] . Our results suggest that appropriate population control of wild boars and the installation of fences to constrain them could reduce the risk of R. tamurae infections in human.
